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Pressure Piece For Use In A Power Semiconductor Module 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention is directed to compact power semiconductor modules, and, 
more particularly, to an arrangement in which a pressure piece exerts pressure on a 
printed circuit board to effect electrical and thermal contact in the module, while 
permitting the placement of electrical components on the face of a printed circuit board 
underneath the pressure piece. 

2. Background of the Prior Art. 

[0002] Modern designs for such power semiconductor modules with high power 

in proportion to their structural size, which are the point of departure of the present 
invention, are known from German Patent DE 196 30 173 C2 or German Patent DE 199 
24 993 C2. 

[0003] German Patent DE 196 30 173 C2 discloses a power semiconductor 
module for direct mounting on a heat sink, comprising a housing and an electrically 
insulating substrate which in turn comprises an insulator body with a plurality of metal 
connecting tracks, insulated from one another and located on the insulator body, and 
power semiconductor components located on the connection tracks and connected to 
these connection tracks with appropriate circuitry. The external electrical connection to 
a printed circuit board disposed outside the housing is accomplished by means of at 
least partly resilient connection leads. 
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[0004] The power semiconductor module furthermore has at least one centrally 
located recess through which a screw connection can pass. The screw connection 
serves, together with a dimensionally stable pressure piece disposed on the side of the 
printed circuit board remote from the power semiconductor module and resting flatly on 
the printed circuit board, to provide the pressure contact of the module. This pressure 
contact performs two tasks simultaneously: first, making secure electrical contact 
between the connection elements and the printed circuit board, and second, making 
thermal contact between the module and a heat sink, both kinds of contact being 
releasable. 

[0005] A disadvantage of these known power semiconductor modules is that the 
known pressure piece does not allow further components, such as resistors, capacitors 
or integrated circuits, to be disposed on the part of the printed circuit board that is 
covered by the pressure piece. 

[0006] German Patent DE 199 24 993 C2, for example, shows power 
semiconductor modules in which the connection elements are extended from the power 
semiconductor module to a printed circuit board in the form of soldered pins. These 
soldered pins serve as both control and load connection leads for electrically connecting 
the power semiconductor components within the power semiconductor to the supply 
lines disposed on the printed circuit board. Thus, the power semiconductor module can 
be connected either directly to a printed circuit board or, as disclosed in DE 199 24 993 
C2, indirectly by means of an adapter board. The thermal contact between the power 
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semiconductor module and a heat sink is established by means of screw connections, 
independent of the electrical contacts. 

[0007] A disadvantage of the design of such power semiconductor modules is 
that integrating the module into a higher-order system requires the use of two different 
connecting techniques (screw and soldered connections), which must be accomplished 
in multiple manufacturing steps. A particular disadvantage here is that the contact 
security of the soldered connections is not assured over the service life, and that the 
soldered connection does not enable replacing the power semiconductor module except 
at significant effort and expense. 
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SUMMARY OF THE INVENTION 

[0008] The object of the present invention is to provide an arrangement for a 
power semiconductor module, with connection leads embodied at least partly resiliently 
therein, for releasably electrically connecting the connection tracks to a printed circuit 
board located outside the housing of the module, and having at least one dimensionally 
stable pressure piece for pressure-contacting the printed circuit board to the connection 
leads. The pressure piece simultaneously allows both the placement of components on 
the printed circuit board and their cooling. 

[0009] This object is attained by an arrangement as defined by claim 1, and 
special features are defined by the dependent claims. 

[0010] The fundamental concept of the invention is based on a power 
semiconductor component with a substrate or for direct mounting on a heat sink in 
accordance with the prior art comprising a housing with at least one electrically 
insulating substrate disposed inside it. This substrate in turn comprises, first, an 
insulator body with a plurality of metal connection tracks, insulated from one another 
and located on its first primary face, and, second, preferably a two-dimensional metal 
layer disposed on its second primary face. A plurality of power semiconductor 
components are disposed on the connection tracks of the first primary face and are 
connected by appropriate circuitry to these connection tracks. 

[0011] As connection elements for load and control terminals, the power 
semiconductor module has connection leads which are designed to be at least partly 
resilient. These connection leads electrically connect the connection tracks to a printed 
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circuit board located outside the housing and to the external connection tracks disposed 
on the printed circuit board. The secure electrical contact between the connection leads 
and the external connection tracks of the printed circuit board is achieved by means of 
an arrangement for pressure contact in the semiconductor module. The introduction of 
pressure in this arrangement is effected by means of at least one dimensionally stable 
pressure piece, connected to the base plate or to the heat sink; this connection is 
preferably made by means of a screw connection. The result is accordingly a 
construction which comprises a pressure piece, a printed circuit board, the power 
semiconductor module, and a base plate or a heat sink. 

[0012] On its second primary face, that is, the primary face facing toward the 
printed circuit board, the embodiment of the pressure piece according to the invention 
has a plurality of individual pressure elements or interconnected pressure elements. 
These pressure elements space the second primary face of the pressure element from 
the printed circuit board in such a way that components, such as resistors, capacitors, 
and/or integrated circuits, can be disposed on the first primary face, oriented toward the 
pressure piece, of the printed circuit board. 

[0013] Preferably, the pressure elements are disposed such that they press 
against the printed circuit board at or near where the contact points of the connection 
leads on the opposite primary face are located. 

[0014] It is thus advantageous in the design of the power semiconductor module 

of the invention that components can be disposed in the region of the printed circuit 
board past which the pressure piece protrudes; thus the total space required by this 
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printed circuit board is less, because of better utilization, than in an arrangement of the 
prior art. 

[0015] Preferably, the pressure piece is embodied such that it has at least one 
opening connecting its two primary faces, and the pressure elements are disposed such 
that a convection flow from at least one edge of the pressure element to this opening is 
possible. This is advantageous because as a result, the components disposed between 
the printed circuit board and the pressure piece are effectively cooled. 
[0016] The invention will be described in further detail in terms of exemplary 
embodiments in conjunction with Figs. 1-3. 

[0017] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, for which 
reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless otherwise indicated, 
they are merely intended to conceptually illustrate the structures and procedures 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

[0018] Fig. 1 is a three-dimensional view of a power semiconductor module with 
a pressure piece of the invention. 

[0019] Fig. 2 is a section through a power semiconductor module with the 
pressure piece of the invention. 

[0020] Fig. 3 is a perspective of a further embodiment of a pressure piece of the 
invention. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0021] Fig. 1 shows a three-dimensional view of a power semiconductor module 
with a pressure piece according to the invention. The power semiconductor module, or 
its housing 10, is disposed under a printed circuit board 40. The printed circuit board 
40, facing toward housing 10, includes a first primary face (410; shown in Fig. 2), and a 
second primary face which includes external connection tracks 430, which are 
embodied as load-current connection tracks 432 and/or auxiliary or control connection 
tracks 434. By means of contact faces and/or throughplating of the printed circuit board 
40, a plurality of these terminal tracks contact the connection leads (not separately 
shown) of the power semiconductor module. 

[0022] A pressure piece 50 comprising an electrically insulating, dimensionally 
stable plastic is disposed on the first primary face 410 of the printed circuit board 40 and 
is connected to a heat sink (not shown) by means of a screw connection 60, which 
passes through openings in the printed circuit board 40, the housing 10 and a substrate 
20 (Fig. 2). By means of this connection, the pressure-contacting of the electrical 
terminals between the printed circuit board 40 and the connection leads 430 and the 
thermal contact between the substrate 20 and the heat sink are established. For 
spacing its second primary face, toward the printed circuit board 40, apart from this 
printed circuit board, the pressure piece 50 has riblike pressure elements 530, which by 
being joined together form a frame in this case. It is thus possible to dispose 
components, such as capacitors, between the first primary face 410 of the printed circuit 
board 40 and the second primary face of the pressure piece 50. For cooling these 
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components, the riblike pressure elements 530 have notches 532. A cooling fluid, such 
as air, can flow through these notches 532 to beneath the pressure piece 50. The 
opening 540 that connect the two primary faces 510, 512 of the pressure piece 
improves the cooling action by means of a convection flow from the notches 532 to 
these opening 540. 

[0023] Fig. 2 shows a section through a power semiconductor module for direct 
mounting on a heat sink, not shown, and a pressure piece 50 of the invention. The 
power semiconductor component comprises a housing 10, with at least one electrically 
insulating substrate 20 disposed therein, preferably a so-called DCB (direct copper 
bonding) substrate of the prior art. This substrate 20 in turn comprises a ceramic 
insulator body 210, with a plurality of metal connection tracks 220 insulated from one 
another and located on its first primary face, as well as a two-dimensional metal layer 
230 disposed on its second primary face. A plurality of power semiconductor 
components 250 are disposed on the connection tracks 220 of the first primary face and 
are connected to them by appropriate circuitry by means of wire bond connections 252. 
[0024] As connection elements for both load and control terminals, the power 
semiconductor module has connection leads 30 designed to be at least partly resilient. 
These connection leads are disposed in guides 110 inside the housing 10. The 
connection leads 30 make the electrical connection of the connection tracks 220 with a 
printed circuit board 40, disposed outside the housing 10, and with the external 
connection tracks 430 disposed on that printed circuit board 41 (Fig. 1). The secure 
electrical contact between the connection leads 30 and the external connection tracks of 
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the printed circuit board 40 is achieved in each case by means of a pressure contact 
arrangement. The pressure introduction in this arrangement is effected by means of a 
dimensionally stable pressure piece 50, which is connected to a heat sink disposed 
beneath the substrate but not shown. This connection is embodied as screw 
connection 60, and the housing 10 has a guide 120 for this screw connection. 
[0025] The pressure piece 50 applys pressure to the various compounds to effect 
electrical connection between the connection leads (430; see Fig. 1), the printed circuit 
board 40, and the connection leads 30, as well as between the connection leads 30 and 
the conductor tracks 220 of the substrate 20 and also serves to establish thermal 
contact between the substrate 20 and the heat sink. To that end, on its second primary 
face 512 oriented toward the printed circuit board, the pressure piece 50 has a plurality 
of individual and/or interconnected pressure elements 520, 530. These pressure 
elements can, for example, be embodied as ribs 530 or prongs 520. By means of these 
pressure elements 520, 530, the second primary face 512 of the pressure piece 50 is 
spaced from the first primary face 410 of the printed circuit board 40 in such a way that 
components 450, such as resistors, capacitors and/or integrated circuits, can be 
disposed on this first primary face 410, of the printed circuit board 40 facing the 
pressure piece 50. 

[0026] The pressure elements 520, 530 themselves are disposed such that on 
the one hand they press against the printed circuit board 40 at or near those points 
where the contact points of the connection leads 30 are disposed on the opposite, 
second primary face 412, and on the other hand, they form a frame, which presses 
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against the edge of the housing 10 via the printed circuit board. In addition, the 
pressure piece 50 has a sheath 550 for electrically insulating the screw connection 60 
from the pressure piece 50 and the heat sink. 

[0027] The pressure piece 50 comprises a composite of a dimensionally stable, 
electrically insulating plastic and a metal core 580; the metal core 580 is injected into 
the plastic and thus can be encased by it or retained in a recess therein. This assures 
the stability of the arrangement, while resulting in an only slight thickness, between the 
two primary faces 510, 512 of the pressure piece 50. Alternatively or additionally, riblike 
reinforcing structures may be disposed on the first primary face 510. 
[0028] Fig. 3, in a perspective view, shows a further embodiment of a pressure 
piece 50 of the invention, looking toward the second primary face 512. On this second 
primary face 512, the pressure piece 50 has a plurality of pronglike pressure elements 
520. The riblike pressure elements 530 disposed in the same way are connected, and 
because of their arrangement they form one edge of the pressure piece. These riblike 
pressure pieces 530 also have notches 532, which act as openings for the passage 
therethrough of a cooling fluid, such as air, over components disposed in the region 
underneath the first primary face 51 2 of the pressure elements 530. 
[0029] The pressure piece 50 furthermore has two sheaths 550 for receiving 

screw connections. A plurality of such screw connections is useful, in power 
semiconductor modules of greater than a certain size, in order to assure a secure 
introduction of pressure for both electrical contacting and for thermal contacting of the 
elements of the arrangement. 
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[0030] Thus, while there have shown and described and pointed out fundamental 
novel features of the invention as applied to a preferred embodiment thereof, it will be 
understood that various omissions and substitutions and changes in the form and 
details of the devices illustrated, and in their operation, may be made by those skilled in 
the art without departing from the spirit of the invention. For example, it is expressly 
intended that all combinations of those elements and/or method steps which perform 
substantially the same function in substantially the same way to achieve the same 
results are within the scope of the invention. Moreover, it should be recognized that 
structures and/or elements and/or method steps shown and/or described in connection 
with any disclosed form or embodiment of the invention may be incorporated in any 
other disclosed or described or suggested form or embodiment as a general matter of 
design choice. It is the intention, therefore, to be limited only as indicated by the scope 
of the claims appended hereto. 
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